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1. Introduction
In this contribution we discuss details on UE behaviour in deriving QCL assumptions for receiving PDSCH and transmitting PUSCH. We specifically look at cases where two channels have different spatial QCL assumptions that are transmitted in the same OFDM symbol. We provide text proposals for UE behaviour in such scenarios.
	[bookmark: _Hlk499566118]Agreement:
The state Is-TCI-Present is configured on a per-CORESET basis
For beam management with beam indication, on all CORESETs configured with Is-TCI-Present=false, the TCI state used for PDCCH is reused for PDSCH reception

Agreement:
· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state  
· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot



2. QCL Assumptions for Receiving PDSCH
In this section we discuss QCL assumptions for receiving PDSCH when it is frequency division multiplexed with other channels such as PDCCH and CSI-RS.
2.1. QCL Assumptions when PDSCH and CORESET are FDMed
Though UE rate-matching behaviour when PDSCH and a CORESET are FDMed with each other have been specified, UE’s QCL assumption’s when a PDSCH and a CORESET are FDMed with each other, especially in the case where the CORESET and the PDSCH have different QCL assumptions, have not been specified. In this section we discuss UE behaviour under conflicting QCL assumptions.     


Figure 2.1‑1: UE Rx Beam Placement under mismatched QCL assumptions
We consider the case where CORESET 1, in slot , schedules a PDSCH in slot . In the above example, the offset between the DCI and the DL grant is greater than the threshold (for e.g. 1 slot). At the same time, UE is configured to monitor CORESET 1 which has a different spatial QCL association. In addition, the PDSCH overlaps with the monitored CORESET. 
In this scenario, the UE behaviour should be specified. The above scenario, has a valid use case, where the gNB intends to reuse the control region to transmit data for efficient resource utilization. Hence our preference, is to support this configuration. 
For the above scenario, UE behaviour can have two possibilities
· Alt 1: Obtain QCL assumption from the monitored CORESET
· Alt 2: Obtain QCL assumption from the PDSCH
In our view a priority order has to be specified for QCL assumption between CORESET QCL vs PDSCH QCL. The QCL assumptions for a CORESET is via semi-static signalling via MAC-CE or RRC. The PDSCH QCL assumption is indicated in dynamic fashion implicitly via QCL of CORESET, or explicitly via a TCI state. Our preference is to give priority for the DCI based indication, which is based on the most up to date information of traffic data and channel state. The only exception to the above rule, is when the monitored CORESET is associated with a stringent QoS requirement such as low latency. In that scenario CORESET QCL will be given higher priority over the PDSCH.       
In the next example shown below the CORESET and PDSCH are partially FDMed with each other.


Figure 2.1‑2 Rx Beam Placement under Mismatched QCL Assumption
For the above example for the case where the CORESET is partially overlapping with PDSCH performance of PDCCH might be impacted. Further simulation study is needed to characterize PDCCH performance when part of the CORESET is partially punctured by PDSCH. In addition, supporting arbitrary puncturing of the CORESET with PDSCH requires multiple modes of channel estimation to be supported increasing UE complexity. For simplicity for Rel. 15, we can drop CORESET monitoring when a CORESET is partially FDMed with PDSCH. 
 Based on the above discussion we have the following TP:
Proposal 1:  When the UE cannot simultaneously the PDCCH and PDSCH using the same spatial filter, a priority order shall be defined for determination of QCL parameters when unicast PDSCH and configured CORESET are frequency division multiplex over the same OFDM symbol. Support the following TP in Section 5.1 of 214
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
When receiving PDSCH conveying Msg4 of Random Access Procedure the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to [spatial RX parameters].
A priority rule shall be defined when UE cannot simultaneously receive both PDCCH and PDSCH using the same spatial filter. When a CORESET is associated to a [URLLC QoS] set via higher layer signalling, UE shall monitor the CORESET with quasi co-location parameters associated with the configured TCI state for the CORESET. 
When unicast PDSCH is to be received by the UE in the same OFDM symbol containing a search space associated with the CORESET, and the CORESET is not associated with a [URLLC QoS] set via higher layer signalling, quasi-colocation parameters associated with the PDSCH takes precedence and the UE shall receive the PDSCH with its associated quasi co-location parameters. The UE is not expected to monitor this CORESET for PDCCH. Additionally, UE may assume that no PDCCH is transmitted in the REs indicated to receive unicast PDSCH conveyed by a PDCCH.  
------------------------------------------------------------- End of change ----------------------------------------------------------------
2.2. QCL Assumption for PDSCH with Multiple DMRS Port Groups
In the current specification UE quasi co-location assumption when more than one DMRS port group is configured has not been specified. In RAN1 #90, the following agreements were made, where the indication for QCL assumptions for more than one port group is FFS. In this section we present our views on QCL indication for multiple port groups.  

	Agreements:
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits
· FFS: The case of more than one DMRS port group
· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 



There are at least three ways of indicating the QCL information for multiple port groups.
· Alt 1: MAC-CE based indication of mapping function for pairs of TCI states
· Alt 2: Changes to RRC table to specify QCL for pairs of TCI states
· Alt 3: Additional fields in DCI to indicate multiple TCI pairs
Alt 2 requires expanding the RRC table significantly and for instance if there are  such TCI states, this would require specification of a table having  entries leading requiring large number of entries. This option hence not preferred. 
Alt 3 required additional bits in DCI to indicate multiple TCI states, causing increased indicator overhead. This option is also not preferred to minimize increase in DCI payload for this indication.
Our preference is Alt 1, where via MAC-CE the mapping between the set of  pairs of TCI states to  bit DCI indicator is indicated. The UE can be indicated the TCI pair via the N bit DCI indicator, and UE will determine the QCL assumption for the DMRS ports belonging to the first DMRS port group from the first entry in the pair and determine the QCL assumption for the DMRS ports belonging to the second DMRS port group from the second entry in the pair.
For the case wherein, the offset between the DL PDCCH grant and the PDSCH data is less than a threshold, the default TCI state for multiple DMRS port groups should also be specified. For simplicity our preference is that both the DMRS port groups derive the QCL relationship from the PDCCH DMRS of the lowest CORESET ID in the latest slot.  
 We hence have the following text proposal,
Proposal 2: For indication of QCL assumptions for multiple DMRS port groups, NR shall support MAC-CE based mapping of pairs to TCI state to N bit DCI field. Support the following TP in Section 5.1.5 of 214
[bookmark: _GoBack]--------------------------------------------------------- Beginning of change -------------------------------------------------------------
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states or 8 TCI state pairs to the codepoints of the DCI field ‘Transmission Configuration Indication’. After a UE receives higher layer configuration of TCI states or TCI state pairs and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are spatially quasi co-located with the SSB determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable.
If a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. 
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. If the ‘Transmission Configuration Indication’ field is associated with a TCI state pair, the UE may assume that the antenna ports of the first DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameters(s) given by the first TCI state in the pair, and the UE may assume that the antenna ports of the second DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameters(s) given by the second TCI state in the pair 
For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one all the DM-RS port groups of  PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
------------------------------------------------------------- End of change ----------------------------------------------------------------
2.3. QCL Assumptions when PDSCH & SS/PBCH block are FDMed
UE bootstraps beam management of many other channels and RSs from the beams acquired using SSBs (SS/PBCH blocks).  From time to time, UE needs flexibility to evaluate different candidate beams for receiving SSBs.  At the same time, UE may be required to monitor the slot for PDSCH (in particular, PDSCH FDMed with SSB) using a specific beam.  That is to say, there is a conflict between 
· the flexibility to evaluate candidate RX beams for SSB reception, and 
· the requirement of PDSCH monitoring with a specific beam in SSB-carying slot. 
A simple, though drastic, solution is that (unicast) PDSCH FDMed with SSBs is not permitted (i.e., PDSCH is always rate-matched around entire SSB ODFM symbols, not just around the PRBs containing SSBs.)  A more nimble solution is to assign the gNB the responsibility for resolving these conflicting RX beamforming requirements: 
We’ll call a PDSCH an early-scheduled PDSCH if the gap between the scheduling DCI and the PDSCH is  slots or larger (e.g.,  Threshold-Sched-Offset). Similarly, we call a PDSCH a late-scheduled PDSCH if the gap between the scheduling DCI and the PDSCH is shorter than  slots.  The crux of the proposal is that the late-scheduled PDSCH must be rate-matched around SSB OFDM symbols (not just SSB PRBs).
Let slot  be an SSB-carrying slot.  If gNB intends to schedule PDSCH in slot  such that any part of PDSCH is FDMed with an SSB, then gNB must send the DCI in slot  or earlier.  That is, only early-scheduled PDSCH is permitted to be FDMed with an SSB.  In this case, as usual, the UE will monitor the slot/receive PDSCH using the PDSCH-specific beam, and will not experiment on SSB with candidate RX beams.   
If there is no early-scheduled PDSCH for slot , then the UE does not expect to receive PDSCH FDMed with the SSB(s) in slot  and is therefore free to evaluate candidate RX beam on the SSB(s).  We note that gNB can still transmit a late-scheduled PDSCH in slot , just that this PDSCH has to be rate-matched around SSB OFDM symbols (not just SSB PRBs). An exception can be made for PDSCH conveying RMSI, paging, OSI or RAR, because UE can forego RX beam scan during the selected PDSCH monitoring occasions.     
Proposal 3: If UE decodes a DL DCI within Threshold-Sched-Offset slots of the SSB-carrying slot, where the DCI allocates PDSCH in the SSB-carrying slot, then this PDSCH is rate-matched around the OFDM symbols on which the SSB is transmitted.  
Exception to this rate-matching rule is made for PDSCH conveying RMSI, OSI, paging, RAR (for which rate-matching exceptions are already included in spec.)  
Yet a simpler alternative is to prohibit late-scheduled PDSCH in the entire SSB-carrying slot (not just the SSB OFDM symbols).
Consequences of not resolving these conflicting RX beamforming requirements is that the UE will be forced to always monitor the SSB-carrying slot using PDSCH–specific beam (because, just in case gNB schedules PDSCH from the CORESET within the slot), and would not be able to evaluate RX beam candidates on SSBs or even perform measurement on all SSBs.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
If the UE has received a SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, 
· the UE assumes SS/PBCH block transmission according to the SSB-transmitted
else, 
· the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1. 
and iIf the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources,
if the offset between the reception of the DL DCI and the corresponding PDSCH is greater than or equal to the threshold Threshold-Sched-Offset, 
· the UE shall assume that PDSCH is rate matched around these PRBs. 
else,
· the UE shall assume that PDSCH is rate matched around the OFDM symbols on which SS/PBCH blocks are transmitted. 
The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
If the UE has received a SSB-transmitted through higher layer signalling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to the SSB-transmitted, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
------------------------------------------------------------- End of change ----------------------------------------------------------------
2.4. QCL Assumptions on SPS-PDSCH Reception and clarification of the exact time at which theTCI state of PDSCH is determined
Insufficient progress has been made on SPS PDSCH as well as for adequate TCI state/QCL determination for SPS PDSCH. During the course of the activated SPS PDSCH transmissions, the suitable beam for communication may change; e.g., a new better beam may emerge or the initially used one may entirely fail.  Here, we extend the principle of PDSCH beam management to the case of SPS PDSCH and see how to dynamically determine the SPS PDSCH beam.  
A quick recap of current TCI/QCLed RS determination behavior for PDSCH: The default PDSCH TCI state – i.e., the TCI state/QCLed RS used if the PDSCH occurs too soon after the DCI – is adopted from the active TCI state of a ‘nearby’ CORESET (CORESET with the lowest id in the latest CORESET-carrying slot, to be precise).  However, if PDSCH occurs with sufficent gap after the DCI, then the TCI state/QCLed RS is adopted from the DCI: 
· either from the explicitly indicated 3-bit pointer in DCI (if TCI-PresentInDCI is enabled and format 1_1 is used), 
· or from the active TCI state of the CORESET in which the scheduling DCI was detected (if  TCI-PresentInDCI is disabled or format 1_0 is used.) 
There are also some special cases for determining TCI/QCL during RACH and BFR which we can ignore while focusing on SPS. 
So we note that, for both the default beam and the beam used when TCI-PresentInDCI is disabled, the PDSCH beam/TCI state is adopted from the TCI state of a suitable CORESET.  In other words, the gNB maintains the PDSCH beam indirectly through maintaining the beams for CORESETs (which, in turn, can be maintained using MAC-CE or direct RRC signaling.)  We can extend the same beam management principle to SPS PDSCH:
Proposal 4.1: Adopting TCI state/QCLed RS of SPS PDSCH DMRS from the active TCI state of a suitable CORESET is supported.
The question remains, what is a suitable CORESET from which TCI state of each SPS PDSCH transmission can be derived.  A simple option is to use the ‘nearby’ CORESET for each SPS PDSCH transmission. In other words, each SPS PDSCH transmission uses the default PDSCH TCI state of that slot, i.e., the active TCI state of the CORESET with the lowest CORESET id in the latest CORESET-carrying slot, where the ‘latest CORESET-carrying slot’ is relative to each SPS-PDSCH transmission. 
Alt 1: TCI state of each SPS PDSCH transmission is the default PDSCH TCI state associated with that transmission time.
Another, perhaps unnecessarily complex, option is to determine the ‘suitable CORESET’ based on the time gap between SPS activation DCI and each SPS PDSCH transmission.  If the gap is too short, then that SPS PDSCH transmission uses the default TCI state, as above.  Whereas if the gap is sufficient, then that SPS PDSCH transmission uses the TCI state of the ‘scheduling’ CORESET at the time of the SPS PDSCH transmission. The ‘scheduling’ CORESET is where the SPS activation DCI was received.  Since gNB can modify the TCI state of the ‘scheduling’ CORESET, the UE uses the current TCI state of the ‘scheduling’ CORESET for each SPS PDSCH reception.  By doing so, the SPS PDSCH beam continues to be managed indirectly through the beam upkeep of the ‘scheduling’ CORESET.
Alt 2: TCI state/QCLed RS of each SPS PDSCH transmission occuring Threshold-Sched-Offset slots after the SPS activation DCI, is adopted from the current active TCI state of the ‘scheduling’ CORESET. Here, ‘current’ refers to the time of the beginning of each SPS-PDSCH-carrying slot.
Alt-1 is simple and also enables easy override of SPS PDSCH with normal PDSCH (where DCI of normal PDSCH is detected within Threshold-Sched-Offset slots), since both are received using default TCI state. Therefore we propose,
Proposal 4.2: Support Alt-1. I.e., TCI state of each SPS PDSCH transmission is the default PDSCH TCI state associated with that transmission time. 
Note, as explained above, the default PDSCH TCI state is already defined in the spec as the TCI state of the CORESET with “the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.”
Details of SPS activation DCI are not yet finalized, so it remains FFS if 3-bit TCI is present in SPS activation DCI.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
[bookmark: _Hlk500953403]The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field ‘Transmission Configuration Indication’. After a UE receives higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are spatially quasi co-located with the SSB determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. Subsequently, the UE determines PDSCH antenna port quasi co-location as follows:
If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, or
if PDSCH is semi-persistently scheduled,
· the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
If a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. else, If if TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, 
· for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. 
else, if a UE is configured with the higher layer parameter TCI-PresentInDCI that is set as 'Enabled' for the CORESET scheduling the PDSCH, 
· the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET. 
· [bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk498589824]If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
------------------------------------------------------------- End of change ----------------------------------------------------------------
2.4.1	Clarification of the exact time at which the TCI state of (non-SPS) PDSCH is determined
Per current [214, 5.1.5], the TCI state/QCLed RS of PDSCH is adopted from the active TCI state of a suitable CORESET (when TCI-PresentInDCI is disable or when PDSCH occurs too soon after DCI).  But is not clear if this is the TCI state of the CORESET at the time of
· the CORESET transmission, or 
· the PDSCH transmission?  
This question of exact time arises because, if the CORESET and the PDSCH are in different slots, then the TCI state id (or the QCLed RS id in the TCI state) can change between the two times noted above.  Since TCI state of the CORESET can change only thru MAC-CE or thru direct RRC signaling, the UE and gNB will be aware of the upcoming change well ahead of the time when the change is applied.  Therefore it is suitable to adopt the TCI state of PDSCH from the current active TCI state the CORESET, where the ‘current’ refers to the transmission time of the PDSCH:
Proposal 4.3: When TCI state/QCLed RS of PDSCH is adopted from the active TCI state of a CORESET, it is the current active TCI state of the CORESET. Here, ‘current’ refers to the time of the beginning of PDSCH-carrying slot.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the current TCI state applied for the CORESET used for the PDCCH transmission, where the current TCI state is the state at the beginning of the slot carrying the PDSCH. 
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the current TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE.
------------------------------------------------------------- End of change ----------------------------------------------------------------
3. QCL Assumptions on AP-CSI RS Reception
In this section we look at QCL assumptions for AP-CSI RS reception, when AP-CSI-RS is FDMed with unicast PDSCH as shown in the figure below. 


Figure 3‑1: QCL Assumptions for Aperiodic CSI-RS
The offset between DL DCI and AP-CSI-RS transmission is a predefined value signalled in RRC. This offset is based on UE capability, and is chosen in a way to allow the UE sufficient time to decode the PDCCH and configure its spatial filter to receive the CSI-RS.  Hence, when there is a conflict between the QCL assumption between the AP CSI-RS and a unicast PDSCH transmitted over the same OFDM symbol, a priority order has to be specified. For simplicity we could specify that PDSCH that conveys data has a higher priority in this case compared to CSI-RS used for CSI/measurements, and the UE is not expected to receive the AP-CSI-RS.
Based on the discussion above we have the following text proposal
Proposal 5: When an AP CSI-RS and a PDSCH are FDMed in the same OFDM symbol, and the UE can not simultaneously receive both PDSCH and CSI-RS using the same spatial filter, UE is not required to receive or process the Aperiodic CSI-RS.  Support the following TP in subclause 5.2.1.5.1 of 214
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. The CSI-RS triggering offset is measured in slots. The UE does not expect that aperiodic CSI-RS is transmitted before the OFDM symbol(s) carrying its triggering DCI. When the spatial QCL assumptions of an Aperiodic CSI-RS and a PDSCH mapped over the same OFDM symbol are different, and the UE can not simultaneous receive both the PDSCH and CSI-RS using the same spatial filter, the UE is not required to receive the Aperiodic CSI-RS.
------------------------------------------------------------- End of change ----------------------------------------------------------------
4. QCL/beam indication for PUSCH 
The QCL/beam indication for PUSCH has not been agreed on; some proposals have been mentioned in [2]. Since SRI in UL grant points to the SRS resource(s) based on which the UE is expected to transmit and precode the PUSCH, it should also indicate the PUSCH beam.
Proposal 6.1: PUSCH scheduled by UL grant that includes SRI is QCL with the SRS indicated by the SRI.
There are scenarios where SRI is unavailable or associated SRI has not yet been defined, namely:
a) PUSCH scheduled with ‘fall-back DCI’ (i.e., DCI format 0_0) that does not include SRI
b) PUSCH for UL SPS or grant-free transmission
c) SRS is not configured yet.
d) Only one SRS resource configured
Case (d) is an exception among the above, as it may be treated just as if SRI is always present and points to the single configured SRS resource. Alternatively, it may be treated like the other cases (a,b,c) as demanding special procedure for how to determine the PUSCH beam, due to absence of SRI. Another approach is to select between the above two approaches depending on whether the UL grant used a full DCI (format 0_1) or fallback DCI (format 0_0). For simplicity, we propose the first option:
Proposal 6.2: If only one SRS resource is configured, SRI is assumed to be implicitly present and pointing to that SRS resource, for the purpose of determining PUSCH beam. 
For the cases (a,b,c) above, to define the QCL relation, i.e., transmit beam to be used for PUSCH in these scenarios, it is reasonable to consider the analogy with the corresponding scenario in the downlink. As seen in earlier sections, when TCI field explicitly indicating the PDSCH beam is absent (due to configuration of TCI-presentInDCI=false, or use of ‘fallback DCI’ that does not include TCI), the PDSCH beam is defined to be that of a ‘nearby PDCCH CORESET’, and we have proposed further extending this approach to DL SPS as well (wherein TCI is absent because the DL DCI grant itself is absent). PDCCH CORESETS are semistatically configured and their beams are controlled via RRC and possibly MAC-CE signalling. Thus, tying the default PDSCH beam to that of PDCCH has an advantage over using a beam previously used for some dynamically scheduled signal or packet (eg, a previous PDSCH whose scheduling DL grant included a TCI): The previous dynamic scheduling grant could have been missed by the UE, which would result in mismatch in understanding between UE and gNB about the default beam. Whereas using semistatically configured PDCCH CORESETs instead, this issue does not arise. 
The above considerations motivate using semistatically configured resources for default beam selection for PUSCH. We could use PDCCH CORESETs just as in the case of PDSCH. This may be reasonable for UEs that have UL/DL beam correspondence. Alternatively, we may use PUCCH resources, which are suitable both for UEs with and without UL/DL beam correspondence. PUCCH may be semistatically configured (eg, for SR, or P/SP CSI-reports), or dynamically scheduled (eg, for HARQ Ack for PDSCH). To avoid issues with missed DCI grants mentioned above, we could use only the semistatically configured PUCCH resources. Note that SR resource is semi-statically configured, but used for actual transmission only when UE has UL data in its buffer. In this case, the default beam should be based on a recent SR resource regardless of whether or not it was actually used for transmission. Otherwise it would be subject to a similar issue as the case of missed DCI grants, namely the gNB may miss the UE’s SR transmission.
Proposal 6.3: For PUSCH without associated SRI, i.e., (a) when SRS is not configured, or (b) PUSCH is scheduled with DCI format 0_0 and Nsrs>1 SRS resources are configured, or (c) for UL SPS or grant-free PUSCH; the transmit beam to be used is that of a recent semistatically configured PUCCH resource.
· ‘Recent’ may be defined based on the last OFDMsymbol in the resource, or on an indexing of resources in the most recent slot (similar to the use of PDCCH coreset indexing for defining the default beam for PDSCH)
· If SR resource is used for this purpose, its use is not conditioned on whether or not an SR was actually transmitted on the SR resource
For PUSCH with slot-repetition, the QCL may be determined for the first slot as if there was no slot repetition, and the beam thus determined may be used for all repetitions. This scheme could be used for downlink (PDSCH repetition as well). The same PUSCH beam determination scheme can be used for UCI piggybacked on PUSCH as well.
Proposal 6.4: For PDSCH or PUSCH with slot-repetition, all slots share the same QCL/beam. PUSCH beam determination is independent of whether PUSCH carries UCI, SCH data, or both.
For PDSCH, the default beam is related to configured PDCCH CORESETs. Prior to RRC configuration of CORESETs (immediately after UE completes RACH procedure to enter connected mode), it is natural to use the beam identified during RACH procedure. This can naturally be extended to PUSCH as well: Prior to PUCCH configuration, instead of using PUCCH as default beam for PUSCH, we could use the beam identified during RACH procedure. This principle is also expressed in part of Proposal 8 of [2]: “After RRC configuration of PUCCH-SpatialRelationInfo and before MAC-CE activation of spatial relation, UE assumes may assume default spatial relation is the SSB identified during the RACH procedure”. However, it only applies to UEs with UL/DL beam correspondence: The SSB identified during RACH procedure identifies a suitable DL beam. UEs transmit PRACH on a PRACH occasion corresponding to this DL beam, but the beam for PRACH is the DL beam only for UEs with UL/DL correspondence, and may be a different beam for UEs without this correspondence. The PRACH beam that triggered a RAR response from the base-station would then be used for remaining RACH procedure (Msg3 and Msg4-Ack). More generally, if beam training and update is allowed during RACH procedure, then the beam identified following that training would be a natural candidate to use after RACH procedure, until RRC configuration and MAC CE activation allows the default beams as defined in this contribution to be used meaningfully.
Proposal 6.5: After RACH procedure, until RRC configuration and MAC CE activation allows default beams to be based on PDCCH CORESETs or PUCCH resources, the beams identified during RACH procedure serve as default. These are the beam of SSB identified by the UE for DL, and the beam of the PRACH or msg3 transmission that led to completion of RACH procedure for UL.
5. Remaining Issues on QCL Types 
In RAN1 #91 several agreements have been made on QCL parameters that can be signalled to the UE. The current specification does not capture all the potential QCL types between the different RSs, that the UE is expected to receive in connected mode operation. We hence have the following Text Proposal
Proposal 7: NR shall specify the combination of allowed QCL types between the RSs, that it is expected to be signalled during connected mode operation.  Support addition of the following Text Proposal in Section 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
During Connected mode operation UE may receive QCL indication between a source RS and a Target RS with respect to the QCL parameters as shown in the tables below. UE in connected mode operation is not expected to receive any other combination of QCL indication between a Source RS and a target RS, other than listed in the tables below. the  to receive one of the  
QCL linkage for below 6GHz after RRC
	Source RS
	Target RS
	Signalling

	SSB 
	TRS
	QCL type: C

	TRS 
	CSI-RS for CSI acquisition
	QCL type: A or
QCL Type B

	TRS or CSI-RS 
	DMRS
	QCL type: A


QCL linkage for above 6GHz after RRC
	Source RS
	Target RS
	signalling

	SSB 
	TRS
	QCL type: C + D

	TRS 
	CSI-RS for Beam Management/CSI-RS for CSI or DMRS for PDCCH/PDSCH
	QCL type: A

	SSB 
	CSI-RS for BM
	QCL type: C+D 

	SSB 
	CSI-RS for CSI
	QCL type: D 

	SSB 
	DMRS for PDCCH/PDSCH before TRS Configuration
	QCL type: A+D

	CSI-RS for BM
	DMRS for PDCCH/PDSCH
Or CSI-RS for TRS/Beam Management/CSI
	QCL type: D

	CSI-RS for CSI 

	DMRS for PDSCH
	QCL type: A+D
Note: QCL parameters may not be derived directly from CSI-RS for CSI



------------------------------------------------------------- End of change ----------------------------------------------------------------

6. Conclusions
In this contribution the following proposals have been made. The text proposals are captured in the individual sections. 
Proposal 1:  When the UE cannot simultaneously the PDCCH and PDSCH using the same spatial filter, a priority order shall be defined for determination of QCL parameters when unicast PDSCH and configured CORESET are frequency division multiplex over the same OFDM symbol. Support the TP provided in Section 2.1
Proposal 2: For indication of QCL assumptions for multiple DMRS port groups, NR shall support MAC-CE based mapping of pairs to TCI state to N bit DCI field. Support the TP provided in Section 2.2.
Proposal 3: If UE detects a DL DCI within Threshold-Sched-Offset slots of the SSB-carrying slot, where the DCI allocates PDSCH in the SSB-carrying slot, then this PDSCH is rate-matched around the OFDM symbols on which the SSB is transmitted.  
Exception to this rate-matching rule is made for PDSCH conveying RMSI, OSI, paging, RAR (for which rate-matching exceptions are already included in spec.)
Proposal 4.1: Adopting TCI state/QCLed RS of SPS PDSCH DMRS from the active TCI state of a suitable CORESET is supported.
Proposal 4.2: Support Alt-1. I.e., TCI state of each SPS PDSCH transmission is the default PDSCH TCI state associated with that transmission time.
Proposal 4.3: When TCI state/QCLed RS of PDSCH is adopted from the active TCI state of a CORESET, it is the current active TCI state of the CORESET. Here, ‘current’ refers to the time of the beginning of PDSCH-carrying slot.
Proposal 5: When an AP CSI-RS and a PDSCH are FDMed in the same OFDM symbol, and the UE can not simultaneously receive both PDSCH and CSI-RS using the same spatial filter, UE is not required to receive or process the Aperiodic CSI-RS.  Support the TP provided in Section 3. 
Proposal 6.1: PUSCH scheduled by UL grant that includes SRI is QCL with the SRS indicated by the SRI.
Proposal 6.2: If only one SRS resource is configured, SRI is assumed to be implicitly present and pointing to that SRS resource, for the purpose of determining PUSCH beam.
Proposal 6.3: For PUSCH without associated SRI, i.e., (a) when SRS is not configured, or (b) PUSCH is scheduled with DCI format 0_0 and Nsrs>1 SRS resources are configured, or (c) for UL SPS or grant-free PUSCH; the transmit beam to be used is that of a recent semistatically configured PUCCH resource.
· ‘Recent’ may be defined based on the last OFDMsymbol in the resource, or on an indexing of resources in the most recent slot (similar to the use of PDCCH coreset indexing for defining the default beam for PDSCH)
If SR resource is used for this purpose, its use is not conditioned on whether or not an SR was actually transmitted on the SR resource
Proposal 6.4: For PDSCH or PUSCH with slot-repetition, all slots share the same QCL/beam. PUSCH beam determination is independent of whether PUSCH carries UCI, SCH data, or both.
Proposal 6.5: After RACH procedure, until RRC configuration and MAC CE activation allows default beams to be based on PDCCH CORESETs or PUCCH resources, the beams identified during RACH procedure serve as default. These are the beam of SSB identified by the UE for DL, and the beam of the PRACH or msg3 transmission that led to completion of RACH procedure for UL.
Proposal 7: NR shall specify the combination of allowed QCL types between the RSs, that it is expected to be signalled during connected mode operation.  Support addition of the TP provided in Section 5.
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